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(54) l^elatntclura and a fddtonweldii^ method 

(57) A method ctf rnanufactui^ a stnicture having 
a (ace which is an exterior face bi use of the structure. 



providing nrst and second members pi ,32) each 
comprising aplaie (34) havingafirsttace andaseo- 
ond fBoe, sM second faces providktg said exteitor 
face of said structure in use thcfeol, and 
abutting respective edges of said paites and per- 
fomringfridienstb^cfingorthe plates by inserting 
B ftstaiy toel (50) into said abutting edges from said 



flrst faces of said first piates. 
wherein at teast of said piates has, adjacent said 
ed^ therof. a laised portion projecting up at said 
first feoe thereof away from said second face and 
provU&ig a local thidsening, said friction stir welding 
looi entering the materia of said raised portion. 
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Ocscffptlon 

FiaD OF THE tNVBfnON 

[0091] TYwpiesefitlnvention relates to africfion weld- 
ing m^ttod that is stiltBbly appOed to panel wekSng 
used, for exan^ld. In alunimm alloys iBi^^ 
buDdings. 

pooS] A tMMaee atnielum (panel) for raSway ee^ 
udnghofloifShapaire m be m ls dfe doaa d inJiBp^^ 
PalemuiMpen No. 248863^990, and anoltierusl^ 
landed panels such as honeyoon^i panels is dis* 
closed In * Japanese Patent Lal«M3pen No. 
106661/1994. 

[0003] Friction Stir wfeiding is perfonned by mating a 
roundtool inserted In ajolntreston to heat and plastidze 
the Joint f)^on thus foniring a weldL TWs winding is op- 
plied to a hitft Joifrt and a lap Joint. TIria is dOecribed In 
wo93n0935(wMchiBtbesameaswo0616460B1 and 
the Published Japanese Transladon of PCT Patent Ap- 
plication from another couitfiy No. 506090^996) and 
the Wetdir^ & Metal Fabrication^ Januaiy 199S. pp. 
13-1 & Refefonce should be made to these documents 
for explanBtion of frictton stir welding, which s en^^loyed 
In the present inwentSon. 

(DOOq In friction stir weldna the reaction or the idaa- 
ticigedmctet being ^drodedfh)ffihnffWMfintBiybcnegtti 
the rateUng tool (round rod) to the surface during the 
wefaSng results In a downward force acting on the joint 
region. Thus, when this welding m^hod is applied to a 
two^Bcestnxture (panel), this downward force causes 
the Joint maiertel at the Joint region to flow downward, 
defOnnIng the Joint This makes it bnpossible to produce 
asadsfac^weld. 

(00051 Two-face structures (panels) Indude hollow 
shape rnainkiaia rnaile of fl9ditided abnntam attoy and 
honeycomb panels^ Joinir^ such pwids hss tieen a^- 
oomplshed by MIG wehftig and TIG weMlng. When the 
fricdon welding Is appSed to such a Jolnt» the Joim Is bent 
down or the materlai En the Joint regioo is forced to flow 
down by a downward fbroe pfodOced Ailing the iHctfon 
welding. 

pooq Thelnventorhasfoundttwabovephenomena 
In a varlely of expefifnerttB* 
[0007] PrMrablyttisafiRstdbieGltDpf^^ 
factory welded Joftit by inlnl^idclng deformation of ttie 
loint rdglon when two faces are Mciion welded, 
pooq P ref e r ab ly , It is a second object to pro)4de a 
setisfBctory welded Joint wtien one face Is frfcOorHrreld- 
ed. 

[0009] It Is a third ofa}ect to stable two teces to be 
weldsd together in a short time wfth idtte deformaSion. 
[0010] PreferBbly»ftl8athlrdofaieGttoenabletMvofao- 
08 to 1)0 welded togslfier In cofmecOng menter that 
Joins two pl^s ftNTTTdng two faces, 
[poll] The second object is reafoed by provldfrtg the 
members at the joint r^ion w&h a raised portion that 
protnides toward the friction welding tool side. 



poiai Thethlid object Is realized by disposing rotary 
tools for friction wek&tg on both skies of (he objects to 
be welded ptedng the rotation centerof one of the toots 
on an extension of the retBSlon center of the other tool, 
5 andpeifonTringfrictionwelifir^dmuItBneously. 

(0013] Rgurel Is a vertical cross section of one em- 
bodiment of this Invention. 

(00141 F^ure2isavertiealcros8seclitmof F^rel 
after friction weliflng. 
to poiSI F^ure 3 Is a vertical crass section of another 
emtMd&nent of this hventftMi. 
IP016] Rgure4lsav«telcros8sectionof RgureS 
after friction weldlrtg. 

IPOIT} Rgure 5 Is a vertical cross section of another 
» embod&nenttrf this Invention. 

|poi8] F^ure 6 Is a vertical crcKsa section of Figures 
after friction welifing. 

poiOl RguroyisaverdcalcrDSssectlonof still an- 
otttererrtfiodimerttof ddsbivention. 
» [0020] Figure 0 is a vertical cross section of Figure 7 
after frictton welding. 

PMttI] Figure 9 is a vertical cross section showing the 
procedure of friction wddng of alurtheremtM)dimentof 
this Invention. 

29 [00221 F^relOlsavertlatf cross section of afurther 

embodiment of tttls Invention. 

IP023I F^urell isavertical cross sectionofafmther 

embodiment of this invention. 

{DQ24] F^ure12isaverticalcrosssectfonofal^rtt)er 
so oTdxxliment of this invention. 

[D025] Figure 13 Is a vertical cross section of a further 
. embodiment of this invention. 

[0026] Rgure14baverticalcros3&ectionofafurther 

erfibodlnient of this invention. 
35 [0027] Figure 15 Is a peispectivevlew of a structural 

bodyof arettwaycar. 

DESCRIPTION OF THE PR^BVIED 
EMB(»)IMEKTS 

40 

[P028I The embotftnent shown In F^re 1 has a Joint 
conngun^on of abutting type t)etween hollow shape 
membere 31 » 32 as panels. The hollow shape membeis 
3t, 32 have vertical plates 36^ 38 at their ends in 010 

45 wWttidbecSion.Bclore die weltfng^ttte vertical pla^ 
38, 38 are (fisposed frnmedialely benesSh a rotary tool 
50. The vertical plates 38, 38 are opposed to each ottier 
in contact If they are s|»ced apart the distance Is smaD 
and approximately 1 mm. On the extension erf the inter* 

90 face between the vertical plates 36« 36 ies the center of 
a projection 52. The vertical plates 38, 36 have astiff- 
ness strong enough to sustain the downward force nrten- 
tioned earlier. The vertical plates 38 are perpendictdar 
to two plates 33, 34. The hollow shape mentere 31, 32 

S5 are formed by extruding aluminum alloy. The U|^)er and 
tower faces of ttte hollow shape member 31 are flush 
wtth Ow conespomSng upper andlower faces of tiie hoi- 
tow shape member 32. That Is, the hoUow shape mervh 
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bemai. 32 haw the same imclcness. TMs b mi8 also* 
of thd wiooBBdiwfl oftedlnsiits. Durti^ ttio McSun 
weidli^theboimdaiy53bel«eenabi9»^lame!e^ 
tionSI Binllhe projection S2 of asnmlHflaiTKtefpofllan 
of the rolaiy tod SOtesfiualedabovelhe iQ)per5Uffaces 
of the hoSow shape memtiere 31, 32. Niinefal 35 des-- 
tgnates apluia&ty of mernbefs thai am ana/^ed in truss- 
es to connect the two plates 38. 36. The hoBoMr shape 
mcfiiteis 31 , K each ha[ve bllaiefely synvneiri^ 
poitiMs. The hollow shape mentm 31 , 32 are motim* 
ed on a bed (not aheMm) and fbnd fenmcwaUyi The betf 
also les under the vertical plates 36, 36. 
|0Q29] Fdcdon sttr m^Uiftg Is performed by rotadr^ 
the tool SO. plunging the prelection 52 into the Joint re- 
gion of the hollow shi^ membem 31 » 32« and moi4ng 
the prelection 52 along the Joint. legba The rotating 
center ol the pro jection 52 Is iMlMveen the two vertical 
plates 38^ 38. 

fjOtOOOl Rguia 2 shows the tM panels after they are 
frictipn wctdpci Reference number 45 denotes the 
shape of a wdd bead alter welding. On the extension of 
the border Kne b6lween the vertical platea 36. 38 is sit- 
uated the wWi center of the weld bead 45. The bead 
45 Ges in an area on the extension of the thickness of 
the vertical plates 36, 38. The depth of the weld bead 
45i8d^enrtnedbyth8h8^orthepr4ectBn52atthe 
tower end of the rotaiytool 50 btseited In tfiejtrint region. 
[0031] With this construction, because the vertical 
plates d8» 36 perpendfeular to the plates 33, 34 sustain 
the vertical foice produced during the Mctfon welding, 
the Joint region does not bend^ oHeifng a satisfadDry 
Joint as shown in Rgure 2. Tbe vertical plate 38 is made 
vertkal to the plates 33, 34 as much as possible. 
(00331 The vertical plate36 maybe holedtor a lighter 
we^ This is tme also of the succeeding embod^ 
mantSi 

[0093] Welding of the lower Mela done by tuning 
Oie twJlow shape merrtbers Mprfd e dowriL 
IP034] The errtbodbnent of F^iure 3 has a vertical 
plate36attheendtf onehofioiw8hapemeinber31 Init 
not at the opposing end ot the ether boBow shape menv 
bef 32. Comers in the vertical dvedion of the verticel 
plate 36 of the hoBow shape member 31 are recessed 
80 as to receiveihe ends of picjedlngpteoes 38, 38 of 
the hoBcw shape member 32. These fecesced poftkNis 
are cpen In a dlrectioii of thtaknesa of ttte hollow shape 
memtierdl andlnadliecdon perpendicular to the ttrick* 
ness dtotion (toward the hoSow shape member 32 
side). When the projecting pieces 38 are placed (super- 
posecQ on the recessed portions, there is actually a 
clearance b^ween them aOhougb they are in contact 
w&h each other fin the figure^ Them is also a gap be> 
tween the front ends of these members (Le.. between 
the projecting pieces 38, 38 and the comem 33a, 34b). 
The alwiling j[M portfore on the iipper teoe side of the 
two holow8lttipemembem31,32 and the vertical plate 
38 are ^tuated dIrecOy below the center of the rotary 
tool 50. The rotating center of the projection 62 of the 



weumg tool 50 Is disposed on an extension orthe center 
foe the Ihldaiess of the vertical plate 36. That b. the 
Joint region of the plate 33 (34) and plate 33 ^) is sll^ 
uatedon die exten^on of the center One of the thickness 

9 or the vertical plate 38. The comers 33b, 34b extending 
from the plates 33, 34 to the recessed portions Be on an 
Qrtaision of the oenta- One of the thidmess of the ver- 
tical plate 36. Considerii^ the gap between tho comers 
33b. 34b and the projecdng pieces 38, the comers 33b. 

to 34b are situated sfi^ to the lefl of tt» extension of 
die center One of the thldoiess of the vertical platB 38. 
The vertical plate 36 has a rt^ddy to support the dowr>- 
ward force. Tlie hortzontal gap between the from ends 
of the projecting pieces 38 and the holow shape m&T>- 

ts berdllssImQartDthatshownlnFlgurel.Thehe^of 
the projection 52 of ttw welding tod 50 Is epproodnrntely 
equal to the thickness of the pni|eGdng fdeoe 38. The 
n^ion that Is plastic andRukI extends below the project- 
ing piece 38. and comes to have an area larger than the 

so dlameterofthepioJectN>n62,endthetwohoOow6hape 
members 31 , 32 are frictiDn-welded. It Is desirable that 
the friction wekf t»e 80 fomied as to extend beyond the 
contact area between the underside of the prafedlng 
piece 38 artd the vertical plate 38u 

e5 [0O35] Rgure 4 shows the state of the joint aft^ being 
wekted. The wekt bead 45 is formed such that the wkfih 
center of tt)e weld bead 45 Is 8ltuatBd on an extension 
of the thickness center of the vertical plate 36. 
(00361 To support the vertical fbrce,ll Is dcsiiabtethat 

30 (he rotating center of the tool 50 be located on tiie e»> 
tensbn of the center One of the thickness of the vertical 
pl^e 38. To make thaquaritfyof Jokit <tf the left and right 
hollow shape members 31 , 32 equel, R Is desirable ttiat 
the comers 33b, 34b be situated on the extensbn of the 

35 ttiickness center line of the vmtical plate 36. WhOe the 
projsction 52 of the tool 50 shouki preferably be placed 
In the mnge kwtween extension Ones of thieknesa of the 
vertical plate 36, the thfckness of the vertical piBte 38 b 
determined fay the vertical foice, the p o si t io n of the pro- 

40 Jection 52 and the stren^ of the vertical plate 38. 
Hme, there may be a case that the thickness of the 
plate 36 is smaller than the diameter of the projectkm 
52. In view of the possible errors or the position Of the 
rotary tool 50 and those of the comers 33b, 34b, it is 

45 (tesirablethatttieoomei833b,34bbepositlonedlnthe 
range between extension Bnesof tlUcknessotthevertI* 
cal plate 36, and at least a part of the projection 52 of 
tite tod SO t>e situated \n tite range. This arrangement 
enables the vertical plate 36 to receive at least a part <4 

so the vertical force, substantlaDy pr ev e n ting the defbrma- 
tion of the Joint As a result, a satisfactory Joint can be 
formed. When the bead 45 Is taken as a r^erence, aK 
Oiough the bead 45 Isslightiy larger than ttie projection 
52, the same as above can be said. This is true also of 

5$ tiieotiter embossments. 

[0037] Compared with the case of Figure 1. this Joint 
configiffation can minimize ttie surface sink of the Joint 
region even when the Itortzontal gap between the pro- 
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Jecl{n9 l^m 38 ami 0)0 hdtow shape menterai Is 
iBfgo. As a result the Joint has a good eppeaiBDoa and 
fei|ulias a reduced amount of putty lor painting. This is 
I w c ausB thaggpbot wacn thatwfOffignbaisiatBnnlnat" 
ed at a depth equal to the thicfcness of the pro|ecttng s 
pl8003a. It is abooonsUeredthat thia{oim oonf^urallon 
can reduce the weight Further, because one of the hoi- 
towmentefB la lilted Into the other, the posttonlng In 
the he^ht ifirectlon of the two fnembeis can t)e aooonv 
pushed easOjf. w 
[0038] TheendsoftheholloirahapemerAberSlam 
bllalerally symm^rica) in shape. The hoOowf shape 
member 32 are also tritaterally symmetilcal. AltematVe- 
ly, the hoUow shape member 31 has one end shaped as 
sho«minRgum3andttwatheraulshapedl9cetheend 
of the hollow shape member as of F^iurs 3. 
|D83S] tntheentedImentofRgure5»lherBl8Vbtuaily 
no vertical ptete 38 bnmedaiBljf below the comefs 33b, 
34b of the recessed portion of tfie htdlow shape member 
31. The right end of the vertical plate 36 Has on the ex- ^ 
tension of the comets 33b, 34b. On tttis extension Is the 
retaling center of the tool 50. The «id portion of the hol- 
low shape member 31 is given a i^ffity to sustain the 
vertical hNoa by mak&ig the lower projedfrig piece 37 at 
the thicker and Increasing the sbe of the arcs ex- » 
tendii^ ftom the front ends of the projecting pieces 37 
to the ptate 38L The projecttng pleoes 38 of the other 
hoQow shape menter 32 are vec^ved In the recessed 
portions of the protecting pieces 37, as In the preceding 
embodiment of Rgure 3. The second hoitow shape so 
member 32 has a vertical ptate 36 near the prpjecdone 
38 for connecting the upper and lower plates 33, 34.Thls 
anangentent prevents the Jolrtf region f i um toeing d^ec- 
tiye even twfien there is no vertical plate 38 (firectty below 
ttieoomefsof the recessed pwtfwts* It is noted* howev* ^ 
er, Itiat below ttie range of bead 45 tfien Is a vertical 
plate 36 of the panel 31. RgureSahows the state after 
wekfing. 

PXMO] Inthsembodlmemcf Bgure5,theplate36of 
the hollow shape mamtwr 32 may be removed. ^ 
[0041] Rgure 7 shows another e mb o dim ent, a varta- 
tionofthepreoetflng embod^ntof RgureS^ln wMch 
the)(M region of the two hollow etape members 31 , 32 
is pmvlded w&h ftfsed poitens 37a, 38b pfotniifing out* 
side^ This makes the joint v^len thick. The h^ghti sf ^ 
the raised portions 37a, 3Ba are equal Other parts are 
simQar to those of Rgure 5,exoeptttial the iwrtlcal plate 
38 and the pr^ediens 37 are sightly thinner, 
po^ With thi» conf%uiBtion» V there is a gap be> 
hreen the raised portkms37& and 3aa before weUing, so 
the gap is fISed w&h the material of the raised portions 
37a,38a,«^en wdded. knproving the appearance and 
reducing the amount of putty required. 
po43| In conventional welded IdMb. the weld bead 
hasaslnkconespondtngtothevotumeofthelostma- S5 
tartal 41 that has Sowed down by tf» downward force. 
In the Joint connguradon of Rgure 7, the rotary tool 50 
plastidzes tfte raised portions 37b» 38a and fofcos them 



downward maUng up for the tost volume of the maSerial 
41. Thus, formafion of sinkcan be prevented, providing 
asallsbctory wektedJoM. RgureS shows the shape of 
bead4S allerwelding. After wekfing, unnecessary parts, 
ir any. are cut off as shown. 

[0044] The raised portions 37a, 3ea can abo be ap- 
plied to Figure 1. 3and5 and to the subsequent enibod- 
Iments* 

P04S1 Rgure 9 shows e fUrther embodiment, which 
aUowa wekflng at the upper and tower faces from only 
one side. The ends of the hollow shape membere 31, 

32 on the lower skfe have protecting pleoes 34a, 34a 
protruding flush with the lower plates 34, 34 greally to* 
ward the opposing hoitow shape reenter sides. The 
front ends of the projecting pieces 34a, 34a are virtually 
In contact with each other. The front ends of the upper 
plates 33, 33 are back from the front ends of the lower 
plates 34a, 34a. The front emb of the upper plates 33, 

33 are connected to ttie tower ^ates 34, 34 throus^ the 
vertical platas^, 38. Theverticafplates 38, 38 arecon- 
nected to bitemtedlate porttons of the lower ^ates 34. 
The top portions of the vertical plales 36. 38 are provid- 
ed with recessed portions 39, 39 that receive a joint 60. 
When mounted on ttie recessed portions 39, 39, the up- 
per surface of the ^nt 60 Is flush with the i^iper face Of 
tfie upper plates 33, 33. The distance b^ween the two 
vertical plates 38, 38 Is \ong enough for the retary tool 
50 to t»lnsertedand is as short 88 possible. The relation 
b^weenthevertfcalplatBs36andttie recessed portions 
39 is the same as explained In the embocfimenta of Rg- 
ure 5 and Rgure 7. 

[0046] The welding procedure will be descrtoed be- 
low. In the state of Rgure9(A),thefrDntend$of the lower 
plates 34a, 34a are welded by the rotary tool 50. At this 
time, the hoUow shape members 31, 9^ (ndudtog the 
Joint region of the plates 34a, 34a, are mounted on a 
bed. The typersuifaoe of Ihebed (that backs thebead) 
to flat The height of the preJecttM 62 of the rotary tod 
50 is smaller than the thictoiess of the plales 34a, 34a. 
This design ensures th^ the t>ottam surface after weld- 
ing is flat Thus, the bottom side can easDy be used as 
en outer surface of the etnicture of a railway car or a 
buBiSng (the outer surface being the surfSoe on whtob 
no decoraUve plata to mounted). Generally, the upper 
tsceorthefrtottonweldediolnttendsto be uneven (ate 
boundary portion 51). 

(D047I, Next,asshownlnF^ure9(B),the|olrrt60fs 
mounted between the two hoOow shape membere 31, 
32. The Joint 60 b T-eliaped In vertical cross section. 
When bo\h ends of the Joint 60 are placed on the re- 
cessed porttons 39, 39, the tower end of a ^rtical por- 
tion 61 has a dearanoe between ft and the weld bead 
on the tower plate. The vertical portfon 61 may be omit- 
ted. 

(p048] Next, as shown In Rgure 9(Cy,the]olitt portion 
between the Joint 60 and the hollow shape member 31 
to frtction-weWed by the rotary tool 50. The rotary tool 
50 need not be the same as used in Rgure 6(A). 
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(00491 lYtefnas8hown(nR9ure9(D),the^tntpoition 
between the ioim&> and the ImOow shape member 32 
l8 frictoiHMUed fay Ihe rotBiy tool 50. 
[00501 litis procedure allows the wBhSr^ Id be per- 
fonned finont one shleainJ^M^ates the tnvGfsioii work. 5 
W2!h the invefsion woric efffninsted. there b an advan- 
tage that the t^ reqi^red for ^iveiston and posllfonlng 
andthe inversion devbe are unnecessaiy; and even the 
assemk^ predslm is bnpiovedL 
(00511 BgatB 10 shows another embotfmem, in 
which both the upper and tower sides of the hollow 
^ape members Sl.SSarefricdon-weldedatthesame 
time. A rotary tool 50a for the lower side is verbca])/ be- 
low the weldif^ toot SO lor the upper side. The protection 
52 of the second wekSng tool 50a faces up. The two 
wekfing tools 50. 50a fbdng each other are moved at 
the same speed to peifomi friction welding. Denoted 70, 
70 are beds {tables). The retstinQ centers of the tocrfs 
SO and SOa ere on the same Ifcie, en which Is the Joint 
re^on of the hoHow sfMipe membere 31 » 02. 
[posq Because wfth this armngement the rotating 
center of the second tool 50a is poslfoned on the ex- 
tension of the rotating center of the fbst tool SO, forces 
balanoe wdh each other aiioMng the Jobit to be welded 
In a short time with BtDed^onnalbn. Further, because 
there is no oeedtp Invert the hollow shape membere 31 , 
32, ttie weMDi^ can be peffMined In e short time wUh 
Idtts ilirfo/inatfon of tfte Joinl 
[0053] This embocfimentcanbeeppUed other embod- 
Imenta. 

[0054] Theprece<flngembocfimerdsfiaveusedholtow 
shape members as panels to be ^rfned. The foUowlr^ 
embodiments show the friction welding applied to hon- 
eycomb panels. As shown In Rgurell.theftoneycomb 
paneb eoa, BOb coir4>rise two surface platee 81, B2, 
core membere 83 fuwlng iMMioycomb Hire cells, end 
edge m e m b ere 84 enengB d a lo ng ttie edges oftfresur- 
fsoe plates 81, 82; wfth the core msmbem 03 and the 
edge memtrere 84 soldered to the surface plates 81 , 82 
to fomt integral structures. The surface plates 81, 82, 
the core membere 83 and the edge membere B4 are 
made ol aUimmum aOoy. The edge membere 84 am 
made t^y extrusion and 'have a rectangular cross sec- 
tion. All sides of this rectangular cross section Is Isrger 
lhtt>idcne»0iantiresiirfiBceplales61, 8^ 
sidesof the mutu^f contacting e^se membere 84, 84 
have tile same thickness as shown in F^re 1 . The two 
hon^foomb paneb 80a, BOb have the same tfiickness. 
(Q055| TheembocSmentofF^ure 11 corresponds to 
ttie one shown bi Figure 1. The hel^ of Ote protection 
52 ^ tiie rotary tool 50 b larger than the thidoiess of 
the face ptates 81 , 82. Thb allows ttie face plates SI, 
82 and ttte edgemembere 84k 8410 be welded The lead 
acting on the panelaeoa. BOb btransmBtedmabily by 
ttte edge mentbere 84. Afterbelnglabricated, ttie paneb 
803^ 8Qb are assembled and fHctioiHveldedl 
[00S6I The embotSment of Figure 12 corresponds to 
the one shown h F^ure 3l The edge member 84 of the 



honeycomb panel BOa hasageneraliy rectangular cross 
sacOm and has laoesses at ttie comm. The ed^ 
merttber 84 of ttie honeycomb panel BOb b Gke achan* 
nel wah Qs opening facing ttie honeyoon^ panel 60a. 
The open ends of the edge member 84 are ptA on ttie 
recessed portions of the e^e member 84 of the honey- 
comb panel 80a. 

[00571 Tfre lioneyoomb panel corresponding to Rg> 
ure 5 can be fabricated In a sbnlar manner. 
[POSq F^ure13show8stiIlanDttierembod2merSittttt 
ccHTespomfs to F^re 7. After two fnmeycomb paneb' 
80a, 60b are assembled, a pl^a86 b placed on the face 
plates 81 » 61 and temporarily welded to them. The plate 
SB makes up for ttie material Uialteplasticized and ftowe 
out In F^ure 12, one vertical piece of the ec^memtier 
of the honeycomb panel 80a b removed. The vertical 
force b supported by ttie thickness of ttie hoitzontal 
pieoeofthe edge menrterB4 and the surroundlngparts. 
(POSq Figure 14 shews a furttierofflbodlmort of thb 
invention. The piecetfingembodbnents up to Figure 13 
Includes paneb having hvof&ces (face plates), whereas 
ttie emboc&nent of Figure 14 Includes paneb 91, 82 
having vHiiaOy a single fboe (face plates 94, 94). Frio- 
tton we^ng b performed at two locations, at the eiNrt* 
ttng ends ol the paneb 91, 92, tfie outside w&h face 
pbtes 94 and ttie inner side w&h no face pbtea. There* 
tore, the Joint regions on the innerelde are proi4ded wfth 
narrow face plates (face plates 93, 93). The narrow face 
pbtes 93, 93 are supported ^ vertical plates 98, 98. in 
ttib example, too. the vertical plates 96 are vntuaDy per- 
pendicular to the face pbtes 93, 94. The face plates 93, 
94 are provided wftti raised portions 37a, 3Ba slrnBar to 
the onesshown In Rgure 7. The face plates 94, 94 have 
a piurelfty of reinforcing ribs (pbtes) 96. 95 at spedfied 
Inteivab. The ribs 96 areT<ehaped In.cress section. The 
top surfaces of tiie ribs 95 are flush witti ttiose ef ttie 
face plates 93 of the Joint regbn. To the top surftees 
reinforcing membere (such as pilbre) may be weldedL 
or the top surfboes senre as mounting seats for articles. 
Further, ttte face plates abo 93, 93 serve as a seat for 
controlling the he^ of the tod 50. A movabb body car- 
ryif^ the tool 50 ttaweb abng the face plates 93. 93. 
Because of the provision of ttie face pbtes 93, 94, the 
paneb 91 , 92can abo besaidtolbrm etwo^^stnto- 
ture. The paneb 91 , 92 are Mnided iliape member 
(poeiq WMbF^re 14 ahowstiie vertical plBtes 98. 
98 of the panels 91 and 92 oppo^ each otiier at the 
Joint region, as in the oonfigurBtlon of Rgure 1 , it b pes* 
s&ile to place one of the vertical plates over the other, 
as shown In Figure 3, 5 and 7. 
[0081] Figure 15 shows an example of application Of 
thb errdioddnent to the structural iwdy of a raOw^ car. 
The structural body has side bodies 101, a roof body 
ia2,afloorbM^ 103, and gabbbodtas 104 at ttie ends 
in the bnglhJdbal direction. The side bodies 101 and 
ttie roof body 102 have paneb 31 . 32. BOa, BOb, 91 , 62 
whose bng sides are oriented In ttie kmgitudlnal direc- 
tion of the car. The Jolnbtg between ttie side botfes 101 
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and the rod body 10eaAdbe^Meeft thesldDbodteslOI 
andttolbortedyloaisaooofnpfishedbyMlGweidii^ 
Tttemf body 102 and the sktebotfes 101 are often 
shaped Into arcs in cross section. When the panels 91 • 
92areusedfofthesldebod!e8l01.the6ldehavfn9lhe 5 
veitiGal plaEtBS 98 end rQ» 98 b made to face to the in- 
teitof fli the car and the lefrilbiGlno membess corstftute 
pilars. 

IP068] Hie panels 31. 32 of RgwB 9 be corrv 
bined in a mlrroNma^ arrangement The end of the ro 
proMng plate 3^ of each panel Is placed on the re- 
cessed poftkm 39 of the plaie33 of the other panel This 
obviates the use of the Joint 60 and eOows the simulte- 
oeousMdion welding of thejoint region both from above 
and bekrar. The plales 33, d4a can be provided whh ts 
raised portions, as shown In Rgure 7. 
[0083] The foOoiitfing numbered paragraphs contain 
mriouscomMnBlkms itftechrricalfleasuresof thefrnrer^ 
lion. 

20 

1. A panel Giructuie In which a second panel (32, 
eob^q is welded toafirst panel (30, 81^ 91), char- 
actertzedinthitf 

the ftat panel comprises a fiist plate (33. 81, 
93).aeeoond plBte(34,8%.94)6ub8tantla8ypaiai- » 
lei to the flrsi piato. and a thM plate (38. 84, 9Q 
cerinectti^ the first plate and the second plate at 
their ends, the third plata being sutntantiBlV per- 
pencficutar to the first plate and the second ptete; 

the second panel comprises a ftat plate (33, so 
81. 93), a second plate (34, 82, 94) substanHaOy 
parallel to the ftrst plate, and a third plate (35. 36, 
83, 84, 96, 98) connecting the firs! ptate and the sec- 
ond plate; 

thefirslplateandthesecondplateoftheseo- » 
end panel are w^ded Id the fM ptata and the sec- 
ond plale at the end of 8ie first panel; and 

at least at the )Dint res^ of the first plates or 
at the region of the second plates, a bead of 
theJdrtra^onliesinaraogeonenextBndonCne 40 
of tfilckness of Oie third iMe of ttie first panel. 

2. A panel aeucture ecconfing to paragn^ih 1. 
sAierein the first plate ortheseoondplate of ttreseo- 
ond pand is In the range on the extension bie of ^ 
IMcknesa of the IMid ptaie of the firal panel. 

a A panel atniGture aoconfing to paragr^ 2. 
wfierein 

an end portion (37) of the first panel on the » 
Innerside thereof protrudes toward the second pan- 
el mofe then en end portion of ttie third plate of the 
fins peneiL end 

the protrudiRg porfion Is paraOel to the first 
plate or second plate of the second panel cormed- ^ 
ed to the bead 

4. A panel structure 'eooording to paragraph 2, 



wherein the third plate of the first panel is on en ex- 
tension of the center in the wldtti diractton of the 
bead 

5. A panel stnicture a c wdln g to paragraph 1. 
wherein 

the second panel has the thlnl plate (38^ 84, 
88) ai end porttons of the first plate and the second 
plate. 

the third plate olthefffst panel faces the third 
pbte of the second i^siei, ctfid 

the bead 6es In a range on an extension line 
of thickness of each of the thlid plates. 

6. A panel structure according to paragrai^ 1, 
wherein the f&st plates are welded to each other: 
andihe secondplfllBs are welded to eacholher. and 
the tieads at the loirtt r^lons fie in ranges on ee- 
tension lines of thidcness of the Md plate of the 
first panel 

7. A pand strtictufe according to paragraph 6 
wherein the first and second panels each have the 
first and second ptatas dteposed virtually parallel, 
end aphiraay of fburth plates (35. 83) ere provided 
between the first platB and the second plaoesL 

8. A panel stnidure according to para^aph 6 
wherein the first and second panels hove a phiraCty 
of founh pUtfes (95) connected only to thefirat plate, 
not to ^ second plate. 

9. A panel structure in which two panels (31, 32) are 
welded to each other, characterized In that 

the panels each have a first plate (33). a see- 
ond plate (34) eubstanttally parallel tothe first plate, ' 
a plundi^ of thM plates ipSi connecting the first 
plate and the second plate, and a fourth plate (36) 
substantiaBy perpemScuiar to the fM plate at an 
end portion thereof and connected to an bitefmecS- 
ate portion of ttte second plate; 

the founh plate is substantially p&pemScuiar 
to the first ptfife and the second ptete; 

end portions of the eeoond plates are welded 
t^elher; 

an end portion of the first plate of one penel 
is welded to an end portion of the ffrst plate of the 
other penel though a fB^ plate (60); and 

at each of the joint regions b^ween the fifih 
plate and the first ^ates, a bead (45) of the Joint 
region lies In a rar^ on the extension One of thick- 
neee d each of the fourth plates. 

1 0. A panel stnicture 1 n which two panels (31 . 3Q 
are weMed to each other, charecterized in that the 
panels each have a first plate (33), a eecond plate 
(34)substamial)y parallel to the flr8tplate,aplurBQty 
of third plates (35) connecting the first plate and the 
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second ptate, and a touith ptate (36) sitetantiaOy 
perperaSoutar to the first plalo at an end portion 
(heieiil and connected to an biteimedlatB portion fli 
the second ptate; 

the eeoond plate of one panel b connected to ^ 
an end portion of the first ptate of the omer panel; 

fhe second plate of the other pand b connect- 
ed to an end portion of the finit plate of the one pan- 
el; end 

ateachofjoim radons l)etween the one panel 
and the ottier panel, a bead (45) Ges h a range on 
the extension line of ttiickness of each of the fourth 
plates. 

11. Aniethodoffridi«vwel(fin9twopanels(31,32, « 
8(te« 80b» 91, 82), chaiactertzed m that 

paimis each haye a fM ptate 81 • 93). 
a second ptale (34. 82; 94) substanttally pataQel to 
the first ptala and a third plate (38, 98) connecting 
the first and.saoond plates at tttdr end portiona; » 

the thbd ptate b s ut wfanltetly pcipcn dta ilartD 
the first end second plates; 

the two paneb are so <flsposed that the thM 
plates are opposed to each other; and 

the fIrBl frtflies era frtcthwMMrided ftom out* 29 
side the pandSL 

12. A mstfiod of fridion wotdinQ paneta aooonfing 
to parasiaph 11, wherein ivtarytoob (50, 50a) for 
frtctbo webfing are disposed on ttwoutsUectf the ao 
first plates and on the outside the second plates, 
the rotting center of one of the rotary toob te dis- 
posed substantfaOy on en extension of ttte rotation 
center of the other rotary tool and, in thta state, the 
flistplaiesafefrictlon-affildedtoeachotherandthe ^ 
second ptales are frtctiiNHMetded to each other 
mttflaneotBiy 

13. A method hiction^weldlng a first panel (31, 
B0a,91)andaseoondpanel(32,80b,92),charao- 40 
tertzcd in that 

the ^ parmi has a fhst ptate (33, 81. 93), a 
8econdptelep4,82.94)substBntlaOypar^tDthe 
IM ptalB, and a thM plate (36, 84, 88) coneeding 
the tlist and second plales at tlieir end porlkms; 45 

thethMptatebsubstantiaaVperpendtautarto 
Itie fM and second plates; 

recessed portions are formed at connection 
portions between the third ptate and the first plate 
and between the third ptate and the second plate so 
and areopen Inthe Erection of thlctoiessolthepan- 
elandtathedireclionperpmdiaitartothethfckness 
direction; 

the second panel has a first ptale^, 81), a 
second ptate (34. 8Q substantially parafiel to the » 
first plate and a tMrd ptate (35, 84, 38) connecting 
the first and second ptates; 

end porttans Of the first ptate and the second 



ptate of the second panel are placed ort the re- 
cessed porttans of the first panel; and 

ttie superposed portions are frtcfioiHMelded 
outsldle atong an extension of the third ptBte of 
ttte first panel. 

14. A method of frtdorvweldlng paneb acoonfing 
to paragraph 13^ whereta rotary toota 50, 50a for 
Irtcdon webHng are disposed on the outside of the 
first plates and on the outside of file second plales. 

and the rotation center of one of tfie rotary 
toob b disposed substantial^ on an e)densIon of 
the rotation center ot the other rotary tool and, In 
thb state, the first plates are frictl on-webtad to each 
other the second pta(te8 are fricdonHirelded to each 
other stmulianeousty. 

1& Amelhod olfrtcdo n wol dlngtwo paneta pi • 32). 
characterbed In that 

the two paneb each have a first plate (33). a 
second ptate (34) substantiaily paraOel to the f&st 
ptate, a phirefity of third plates (35) connecting the 
first plate and Oie second plate, and a f ottfth ptate 
(36) substantially perpendicular to the first plate at 
en end poifion thereof and connected to en Irrter- 
medate portion of the aecoral ptate; 

a recessed portion (39) are ffbrmed et a ooft- 
nectfon portion b^weenthefourthptaSeandthefinst 
ptate and are open In the dfrecdon of iMdoiess of 
the panel and In the direcdon perpeiKficutar to the 
thickness direction; 

the second plate of one panel b placed on Ute 
recessed poition of the other panel and the second 
ptate of the other panel b placed on the recessed 
portion of the one panel; and 

the superposed portions era frktion-weUed 
trom outside along ari extension of the third plate. 

1& A method of frktion^velifing paneb aocwtfing 
topan^TBph 1 6, wher^n the first ptates are fiicUon- 
weldedtoeach Other end the second plates are trio- 
tion-wetded to each ottier simufianeous^ from the 
outalde of the first platea and ftam file outaide of the 
second plates. 

17.AmethodoffrfcdorMireldln9twepanels (31.32), 
characterized In tiMft 

the two paneb each have a first ptate (33), a 
second plate (34) sut)stantially parcel to the first 
ptate, e plural^ of thM plates (35) connecting the 
first ptate and the second ^Se. and a fourth ptatt 
(36) b substantially perpendicular to the first ptate 
at an end portion thereof and connected to an Inter* 
mediate portion of the second plate; 

the second plates of the tmro paneb are frio- 
fion-weUed from dte fM ptate side, the first plate 
being dbposed above the second pIMe; and 

a fifth plate 60 ta then ptaced on each of the 
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fourth plates and thefourthpiates are frtdfon-weS^ 

ia A panel comp^Qotg a first plate (39i 81, 99), a 
6econdplBt0(34,82.94)sub8tajitiaOypara!)e)tome 9 
fiistptote,andamfrdptetep6.9fi)co nn ect ifl 9the 
flTstptate and the second pt^ at meir end poftions, 
charscteriiedinthat 

the third ptatelssiibstaftfiallyperpendlcularto 
the fbstplaia and ttie second ptBiB; mat fit teast at to 
one of theoennecdon portions between the thini 
plate end the first ptate and betmreen the tMrd plate 
and the second plate, a recessed poftion (39) 1$ 
fonned in a ran^ on an extend Itad or thicknesa 
of the third piaie; and » 

lha recessed portion la open in the tfredien 
of iMdcnesa of the panel end In the direction per- 
pemficutar to the thidiness tfirectiMi. 

19. A panel acoonfing to paragraph 16, wherein al » 
the recessed portion there b a pr^ecOon (37) pro* 
tmdingpaiaUaltothetSret plate and the second plate 
toward the end side of the panel more than the third 
plate. 

25 

20l ApanelaocofdinglDperagraph 18, wherein on 
an extension of the center off tho ttiickness off tfie 
third pble^ there la a comer psa, 34a) extending 
from the re c e ss ed portion to tho first plate or the 
second ptatBi so 

21. A panel according u> paragraph IB, wherein at 
an area from the recessed portion to ttm first plate 
orthe secortd plate, there Is a raised portion (37a, 
38a) piolBGtIng outwardly In the direction of thick- » 
nesa off the panel 

22. Apanelaec onfln g to paragraph 18, wherein the 
reces s ed portion is (ornied at bolh connection por- 
tions Mween the third plate and the fvst plate and 40 
belw Bc n the ttrtrd plate and the second plate. 

23. A panel according to paragraph 22, whaein at 
eachof the r ecess e d porHonSt there Is a pro jocbon 
(37)pioliudin9parBileltoth8tiistplatBandtheseo- 4S 
end plate toward the end aide off the panel more 
than ttie third ptate. 

24. A panel according toparagraph 22, wherein on 

an extension off the cerrter off the thidcnesa of the » 
third plate, there are comers (33h, 34b) trom dw re- 
cessed portions to the first to eeeondplate& 

25. A panel aooonfing toparafpaph 22, wherein at 
areas from the recessed portiona to tl» first and so 
second plataa, there era raised pofOone p7ei daa) 
projecting outward^ In lha direction off thtckness of 
the panel 



28. A panel oon^ristng two substantlalV parallel 
pbtes (33, 34) anda third Plata (35. 36) connecting 
the two ptatea. characterized In that raised portions 
(37a, 38a) are formed at end portiona of the two 
plates and project outwardly In the direction of thldc- 
nesa erf the panel. 

27. A panel oo m prf slng a first ptate (33), a second 
pi^ (34) substantia paraDel to the first plate, a 
piurallty off thirdplates (35) connecting thefirst plate 
and the second ptete, and a fourth plate (38) con- 
nected at an end portion of the Rrst plate to an In- 
termediate portion of the second plate, character- 
ized in that 

the fourth pbta is sitetantially perp&idledar 
to the first ptate; 

at tha connectton portioD between the fourth 
platB and lha fffrst plate, a recessed portion (39) Is 
tsoimed inarangeon anesdenslonaneof thiekness 
of the third Plata; and 

the recessed portion open In the direction 
of thidoiess off the panel and in the ifirection per^ 
pemficuiar to the thidcness direction. 

28. A panel oomprtsing a ptate (33, 34, 81 , 82, 93, 
94), aplural&y of second plates (35. 36, 83^ 95^ 86) 
proliu^ig horn one aide off tha plate, aitd raised 
portiona {)7fl^ 38a) pralriNfing at encb off tlia plate 
f)rom the ^her face off the plate. 

29. A metfiod of frictlon-wetdlng two members (31 , 
.32. BOa, 80b, 91 . 92), characterized In that 

two members each have a raised portion 
(37a, 38a) disposed at one longitudinal end and 
protnjcfing from one side in the cfirection of tWck- 
nesa; and 

raised portiona are abitfted against each other 
and friction-welded from tha raised portion side. 

30. A method of friction-welding hiro members (80a, 
80b). characterized In that a third member 88 Is 
placed on an abutting portion of two members; and 

the thM memt>er ftxed to the abutting mem- 
bers, the two abuttir^ rrtemlsers are ffrlction-welded 
fntn d)Qvo tha tMrd rrtember. 

31. Am^hodofflrtcOonmvekinghiiro pands 01 , 32, 
80a, 80b, 91, 92), characterized in that 

two panets each have two substantiaUy paral- 
lel plates (33, 34, 81 , 82, 93 , 94), a mird member 
(35, 38, 83, 84, 95^ 98) connecting ttie two plates, 
and a raised portion (37a, 38a) disposed at an end 
portion offatleastoneof thetwopiatesandprotnid- 
ing outwardly (n lha direction of thickness of tha 
panels more than tha two plates; and 

the end portions of ttia panels are ffrtetion- 
wetded from outsida In tha cfirection of thickness off 
tha panels. 
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32. A fn^hod of tikllorHM8idIi^ two maitefB 01, 
32, 80a. 60b. 91. 02), dofBdartzad in ttattwofrio- 
Uonwe»]ngralBfytoob(5a,50a)afedbp05edovef 
|oint iBQlons of ttiB two mfifitere. ono of tho toots 

on the upper face sfcte and Old other on the loifer s 
f aco aide of cnembefs to l>e welded; 

the rotaSon center of one of the rotary tools Is 
disposed substantially on an extension of the rota- 
tion oenter of the other rotaiy tool; and 

IhetwoiotBrytoolsarerotBtedBndrfMiwBdal- 
muBaneouslii 

33. A panel stnicture oontpilslng first and second 
metal panels (31 ^,BOa.aob;91,92) Joined togtfher 
ei^e-^^^lsy at least one weld Joint 

each eald panel hsviftg at one side a fvst face 
sheet (33,81 ;94) and fit Its opposte aide a web (34; 
B2^ par^ to end spaoiMl hem aeld firet toe 
ahee^ and haiAig 8t least one cfoss^nember 
94) connectmsaaU tee sheet end aafcl web. ^ 

said fbst face sheets (3a;81 ;94) of respecthfe* 
ly said fljst and second panels being Joir^dc&ecOy* 
by said weld Joint which Nas a wehfing bead foimed 
of metal of both panels which was not mefied in the 
f oimatlon of the weld Joint. 3 

aaid GroBe^nember of at least one or 
said panriico n sl it u fl ngtt w ol d supp o rt cwO' tn ein 
ber which has one end located at the edge of the 
panel al which said weld )dM is pfovMadr extends 
acmsa the panel in a transverse dinecdon which la so 
at an angle to said first face sheet of the panel, and 
has a thickness and location such that said welding 
bead 45) Oes at least partly In the projection area of 
said crosfrfnember In said transveisa direction. 

as 

34. A panel stnidure aocorCHng to paragraph 33 
wherein aaU fbst and second paneb pa'31;94) 
both have a said welde u pport ctDse-member (38; 
94)atdielrrespeGttveedges at which said weldloint 

is pnwided. the respective weld-support crose-^ ^ 
fitembers alongsUB each oth^ 

35. A panel structure accord^ to pamgraph 34 
haarfng two said weld Joints each hawing a wetdlng 
beBd(4S)9dnn8dofni8ttfofbothpanelswhlchwas 45 
nti melted in ttie fomnfion ol the wold Jolnl^ aiM 
two weld JoMs lyli^ respectively at opposite ends 

of said weld«9port cfssaHiiembers (38:94). 

38. A panel structure aooorcfing to paragraph 35 » 
wherein said web of each of said first and second 
panels is a second face aheet (34:82). 

37. A panel structure according to paragraph 38 
wherein, at said ed&Bs of saMffrst and second pan* » 
el et which said at least one weld JokYt Is fonned, 
said first and second face sheets thereof are com- 
prised of a sheet member (81 32) and a portion of 



a r^ordng ed$^ body (84) which Is connected by 
brazfr^ to said she^ member, said welding bead 
being formed in both said sheet member and said 
feinfoidng ediga body, and said refnfbrcing ed^a 
body (d4) providing saU weld^upport cross-menv 
ber. 

38. A panel struditfB according to paragraph 33 
wherein said first face sheet of one of said panels 
has a projecting edge portion (33) and the other of 
said panels has a rebate (33b.34b) receiving said 
piojedfaig edjga portion 

39. A panel structure according to paragraph 38 
wherein said web of one of said panels also has a 
projectiT^ edge poftxon (38) and the other of said 
panels has a rebate (34b) receiving said projecting 
edga portion of sM web. 

' 40.Amethodof Jrinir^ two membeie (31.32; BOa. 
80t>;91, 92) tsylMctlon stir welding, con^prlslng the 
steps of: 

(I) errai^g said mombeis so that respecthfa 
outer faces thereof are oopianar, and respec- 
tive Joint laoea tiiereof are dosely opposed 
(fl) Inserflngaprobe^ otmaterlai harderthan 
that of a^d two memtieia l w^4io i> bb^ Jobit 
tacesand into bothJointmcmt wrn ai^Bcent said 
Joint faces and rotating said probe so as to gen* 
erate heat frictionally and plastidse material of 
both aald members, thereby to form a welifing 
bead unldng the members without melting of 
Uie material of ihe members, 

wherein at least one of said members has a 
rb (37a, 38a; 8Q upstanding fhun said outer face 
thereof a^aoent said Joint ftee thereof , said probe 
enga^g said r& and aft least parity removbig it dur- 
hg the welding. 

41. A rittlhod eocording to paragraph 40 wherein 
said rib {37a.38a) Is In one-piece wttittie member 
on which is provided. 

42. A m^hod eocofdbig to paragraph 40 wher^ 
said ifti is.a separata ptoce (8Q connected to sM 
member on which it la provided priorlo the wekSng. 

43. A method according to parE^raph 40.41 or 42 
wherein both said members ho^ said rOs. 

44. A metiiod eooordlng to par^raph 40,41 or 42 

wherein said rS) (86) on one said member extends over 
said outer face of the other said member when said 
memt^ers are arranged for welding, and said probe (52) 
penetrates through said rb when insertad Into the merrh 
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5 

1. A method of manuractuiing a amoturo hsvirtg a 
fcrawhlchlsanextertorfaoelnuseofltiesmic&ireb 
oomprisbig 

pnMAflng flist and second menteia pi, dS) *o 
eaeh compilsina a plate (34) hai^ a IfistfBoe 
andaseoond face, said second faces previifing 
said extertor face of said stiucture i n use there- 
of, and 

abulttng respective edges of sakt plaies and ^9 
peffofrn!ng friction stir watding of the ptates by 
Inserting a rotaiy tool (50) imo said atnitttig 
edjges ftam aaU fifst ftees of said plasasi 

Mrtiereln8lleastoneof8aldplBtashas»ad$a- as 
cent said ec^e ttiereof , a faised portton pnijecili^ 
up a! said first face thweof away frani said second 
face and provltfing a local thlel«M)ing» said Mdton 
stir weUtng tool entBrirQ tho material of said raised 
portion. ^ 

2. AtTMlhodacconingleclafcn1,whBfBln during arid 
trtcttonsdr welding said second (acea of said plates 
are supported by a becking member at the bcailon 

of tha friction stir voiding. ao 

3. A method according to dalml or 2, wherein said 
Gtmcture is a vehlde bod^ 

4. Astrudurs havhg fbst and second members (31, 35 
32) each comprising a plate having a Hist aur* 
ttee and a second suffeoe, said seoorKi surfaces 
providing an ajdarfortaoa of said sbuctuio fai use 
tttef&ji, wherein said plates are Joined at abutting 
M^Bs thereof a friction slir weld joint formed by 4D 
insertion of a rotary fHdIon stfrweliflng tod at said 
fiist faces thereof. 

5. A Structure according to claim 4. which is a vehlde 
bodyi . 45 
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FIG. 1 
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FIG. 5 




FIG. 6 
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FIG. 7 
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FIG. 9(A) 




FIG. 9(B) 
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FIG. 11 
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FIG. 12 
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